Abstract. The Virtual Storyteller is a multi-agent framework for automatic story generation. In this paper we describe how plots emerge from the actions of semi-autonomous character agents, focusing on the influence of the characters' emotions on plot development.
Introduction
The Virtual Storyteller is a multi-agent framework for automatic story generation. Its functionality includes plot creation, narration and presentation. Plots are automatically created by semi-autonomous character agents that carry out different actions to achieve their goals. To guarantee that the resulting plots will be well-structured, the characters are guided by a director agent, who provides (some of) them with specific goals, and who can forbid their actions if they do not fit into the general plot structure. The resulting plot is converted into a natural language text by a narrator agent, and presented to the user by an embodied, speaking presentation agent. The global architecture of the Virtual Storyteller is shown in Fig. 1 . With the first version of the Virtual Storyteller [12] we aimed at meeting two basic plot requirements: consistency at the level of character actions (through the use of goal-oriented characters) and well-structuredness (through the use of a director agent). Another storytelling system that combines a character-based appproach with the use of a virtual director is Teatrix, which is aimed at aiding story creation by children [3] . In the Oz project [4] , a 'drama manager' was used to ensure the occurrence of some essential plot points during interactive story creation. The ACONF system [8] uses a different approach: here, a coherent plot structure is achieved by representing the plot as a partial-order plan, which is constructed by a group of expert systems representing the story characters.
Consistency and well-structuredness are essential for achieving a well-formed plot, but do not guarantee that the resulting story will be entertaining. For that, a plot should have additional properties such as unexpectedness, suspense and the presence of believable characters. A common approach to make character agents believable is to provide them with emotions. Most computational models of personality and emotion are based on Ortony, Clore and Collins' event appraisal theory, known as the OCC-model [6] . Examples are Elliott's Affective Reasoner [1] and Neal Reilly's Em system [5] . A simplified version of Em was incorporated in Loyall's Hap architecture for believable agents [2] , used in the Oz project. This work was the main source of inspiration for our recent extension of the Virtual Storyteller with an emotion model for the characters.
In the following sections, first we briefly sketch the emotion model used in the current version of the Virtual Storyteller. Then we discuss the influence of the character's emotions on plot creation, showing how the characters' ability to adopt goals that are based on their emotions, rather than dictated by the general storyline, increases their believability and may give rise to unexpected (but nevertheless consistent) plot twists. We illustrate this with an example.
Emotions and Actions
In the Virtual Storyteller, the emotional state of an agent is represented by pairs of corresponding positive and negative emotions and their intensities. Emotions that are directed at the agent itself are hope-fear, joy-distress, and pride-shame. Emotions directed at other agents include admiration-reproach, hope-fear, and love-hate. Each emotion pair has an intensity value, represented by a natural number on a scale from -100 to 100. For example, a value of 20 for hope-fear means that the character experiences hope with an intensity of 20 (and no fear); a value of -20 means exactly the opposite.
Following the OCC-model [6] , the emotional state of an agent changes in reaction to events, actions and objects. If an agent comes close to achieving its goal, it experiences hope, and if its current goal proves to be unachievable, the agent experiences distress. If an agent performs an action meeting its own standards (which are part of its personality model), the agent experiences pride. If an agent meets another agent which it likes (also part of the personality model), it experiences joy. The intensity and duration of these emotional effects depend on the personality parameters of the agent, which can be changed by the user. For example, some characters may be frightened more easily than others, or may forget their anger more quickly.
Based on its emotional state, a character may develop certain action tendencies such as friendly or unfriendly, aggressive or passive behaviour (cf. the mapping of emotions to action styles in Hap [2] ). The action tendencies in their turn influence the importance a character attaches to certain goals. The relation between the emotions and the action tendencies of a specific character is laid down in a number of action tendency scripts, which are part of the character's personality model. For instance, strong fear could lead to passive behaviour in one character (increasing the importance of the goal to flee) and to aggressive behaviour in another (increasing the importance of attacking the object of fear).
Plot Creation Using Episodes
The Virtual Storyteller is aimed at the generation of short stories in the fairy tale domain. An advantage of this domain is that most fairytales have a common, fairly simple plot structure. The stories generated by the Virtual Storyteller consist of four global episodes, which are loosely based on Greimas' reformulation of Propp's story functions [7] :
1. initial state of equilibrium (a description of the initial setting of the story) 2. disruption of the state of equilibrium (something bad happens) 3. mission of the hero (the hero tries to restore the state of equilibrium) 4. return to state of equilibrium (or not, if the hero fails)
At the start of the story generation process, the director lays the basis for each of the episodes by selecting four 'episodic scripts' from a database. An episodic script contains information about the setting, goals and constraints of an episode. The setting specifies which locations, objects and characters are present in the episode. The episodic goals are goals which must be reached within the episode by (some of) the characters. Typically, episodic scripts of type 2 (disruption) will involve a villainous character with the episodic goal of performing some evil deed, and episodic scripts of type 3 (mission of the hero) will involve a character with the episodic goal of putting things right again. Finally, the episodic constraints specify certain actions that are not allowed in the episode. For example, it might be disallowed to kill a certain character before its episodic goal is reached. These three episode properties define the limits within which the character agents are allowed to act while constructing the episode.
After the episodic scripts have been selected, a story world is created according to the specified setting, and the character agents are initialized. The actual episode is then created by the characters carrying out actions to reach their individual goals. These goals can be the episodic goals that have been assigned to them by the director, but they can also be goals that were spontaneously adopted, based on the character's emotions (see section 4). Before a character can carry out a planned action, it must ask the director for permission. The director checks if the action violates any episodic constraints, or any global contraints (for instance, the director might forbid numerous repetitions of an action because they would make the story boring). If no constraints are violated, the character is allowed to carry on with its action, and the story world is updated accordingly. When one of the characters reaches its episodic goal, the episode ends. Because the characters can also adopt goals other than the episodic goal, there are many different ways in which an episodic script can develop before an episodic goal is reached. This variation can be further increased by changing the personality parameters of the characters (see section 2). Still, all variations will respect the global plot structure, because of the fixed order of episodes in combination with the local episodic goals and constraints.
In our current set-up, the episodic scripts are created and combined by a human author. 1 In terms of the 'scalable autonomy' approach of Spierling et al. [9] , this means that there is no autonomy at the story level: the global plot structure is predefined. However, there is high autonomy at the scene (episode) and character levels: the actions carried out within an episode are not specified in advance, and the characters can make their own decisions (guided by the director, which is itself an autonomous agent).
Goal Selection: Emotions Taking Over
In the Virtual Storyteller, each character agent has a fixed set of potential goals. The importance that a character attaches to these goals varies depending on its action tendencies (see section 2). In addition, one of its goals may have the status of 'episodic goal', in which case it has a very high importance (90 out of 100) throughout the episode. Instead of having a character simply adopt the goal with the highest importance, we use a probabilistic approach to goal selection, where a goal's importance corresponds to the probability that it will be adopted. In other words, an episodic goal has a 90% chance of being selected for pursuit, but some 'emotional' goals may also have a high probability, due to the character's emotion-induced action tendencies. This means that a cowardly hero with the episodic goal of killing the villain could be equally likely to adopt the goal of running away from the villain because of its fear.
As we will illustrate with some examples below, probabilistic goal selection leads to variation and unexpectedness in the generated stories. However, there is risk of 'overdoing' it by having too much random switching between goals. Therefore, if a character has already carried out the first step of a plan towards achieving some goal, that goal will be maintained until it is reached (or made unreachable by changes in the story world). The goal is only abandoned if the character's emotions run so high that they cause the importance of some other goal (e.g., fleeing from an enemy) to exceed a pre-specified high value. Another risk of our approach is that a character's sudden change in behaviour, due to the adoption of a new goal, may seem incomprehensible to the user [10] . In the Virtual Storyteller, we can solve this by having the narrator explicitly describe the character's motivation. Currently, this is only done to a very limited extent, and further work on this is required.
An Example
Here we illustrate the plot creation process by describing the different realisations of a simple script of type 2(disruption). The script involves two characters, a princess (Diana) and a villain (Brutus), who hate each other. Diana fears Brutus, but Brutus does not fear her. Diana has the episodic goal to kill Brutus, and Brutus has the episodic goal to capture Diana. Initally, the characters are in different locations. In yet another location, a sword can be found. We first discuss what happens given the default, rather stereotypical action tendency scripts of the princess and the villain. These scripts specify (among other things) that Diana is likely to behave passively when experiencing emotions such as fear and hate, whereas these same emotions trigger aggressive behaviour in Brutus.
In most episodes that were generated on the basis of this script, the characters immediately start pursuing their episodic goals: Brutus starts walking towards Diana to capture her, and she sets out to get the sword, needed to kill Brutus. Occasionally, one of the characters adopts another, emotionally motivated goal instead, such as singing out of joy. This occurs rarely, however, because initially the character's emotions have low intensity, so the importance of the associated goals is also relatively low. Whatever goal they start out with, the two characters eventually meet each other. When meeting Brutus, Diana is usually overcome by fear, causing her to abandon her episodic goal (even if she has already found the sword) and to run away instead. Brutus, who will act aggressively even if Diana has the sword, will follow her, either to capture or to attack her (the latter goal being motivated by his aggression). In the end, Diana is inevitably cornered by Brutus without any possibility to flee. If she has the sword, she is very likely to use it now, since killing Brutus is now her highest priority goal that can be attained. Otherwise, she is most likely to scream, because this is the only passive behaviour left open to her. If she does not have the sword, Diana may also go for the less likely goal of attacking Brutus by hitting or kicking him, but Brutus is stronger and will eventually capture her anyway.
We have also tested what happens, given the same episode script, if the action tendency scripts of the two characters are exchanged. In that case, the division of power is more equal, because although Brutus may be stronger than Diana, he is now more fearful and passive than she is. This leads to longer episodes involving more chase sequences and mutual attacks. In the end, as in the first version, the outcome depends on whether Diana manages to get to the sword in time or not. All in all, a large variety of episodes can be generated based on the same script. The probabilistic goal selection may give rise to unexpected character actions, but these actions can always be traced back to the character's emotions. Properly expressing these inner motivations in the narration of the plot will be our next challenge.
Conclusions and Future Work
The version of the Virtual Storyteller we have described here has been fully implemented, albeit with a limited set of rules and episodes. However, our experiences so far indicate that even with this limited implementation, a large number of different stories can be created. Further extension of the system with more possible goals, actions and objects is needed to show the full potential of our approach. As pointed out above, another important area of further work is the conversion of the plot into natural language, so that the underlying motivations of the characters are properly put across. With respect to presentation, we are currently working on the automatic generation of 'storytelling prosody' and on the conversion of abstract plots to 2D animations, as an alternative presentation mode for the Virtual Storyteller. Finally, in the longer run we want to extend the Virtual Storyteller so that the emotions of the user can be taken into account too, by learning rules to predict the effect on the user of different character actions. These rules can then be used to guide the decisions of the director (cf. the narrative sequencer employed in IDtension [11] ).
